Aims. We seek is to identify old and massive galaxies at 0.5<z<2.1 on the basis of the magnesium index Mg UV and then study their physical properties. Methods. We computed the Mg UV index based on the best spectral fitting template of ∼3700 galaxies using data from the VLT VIMOS Deep Survey (VVDS) and VIMOS Ultra Deep Survey (VUDS) galaxy redshift surveys. Based on galaxies with the largest signal to noise and the best fit spectra we selected 103 objects with the highest spectral Mg UV signature. We performed an independent fit of the photometric data of these galaxies and computed their stellar masses, star formation rates, extinction by dust and age, and we related these quantities to the Mg UV index. Results. We find that the Mg UV index is a suitable tracer of early-type galaxies at an advanced stage of evolution. Selecting galaxies with the highest Mg UV index allows us to choose the most massive, passive, and oldest galaxies at any epoch. The formation epoch t f computed from the fitted age as a function of the total mass in stars supports the downsizing formation paradigm in which galaxies with the highest mass formed most of their stars at an earlier epoch.
Introduction
The theory of galaxy formation and evolution is based on the hierarchical model of structure formation (White & Rees 1978) . In this model small structures form first and merge together to create bigger systems. These systems then merge with other systems to form even bigger structures. This type of evolution is classically represented by a merger tree (Lacey and Cole, 1993) . Intriguingly, various studies have reported that galaxy evolution follows a downsizing pattern (Cowie et al. 1996; Cimatti et al. 2006 ; Thomas et al. 2010) . In this paradigm, the most massive galaxies form rapidly at earlier cosmic epochs than the less massive galaxies. In addition, a number of studies have shown that passive galaxies seen today have been formed from an intense star forming event at earlier cosmic times followed by a pas-sive evolution (Thomas et al. 2005) . While this might appear, at first, as an anti-hierarchical behavior, it has been shown that this can be compatible with the hierarchical scenario, arising in the clustering processes of dark matter halos, provided the physics of baryonic matter is correctly modeled (Sparre et al. 2015; Qu et al. 2017 ).
The transition from strongly star forming galaxies to passive systems remains to be understood, and therefore we need to identify galaxy samples at intermediate epochs and study their properties to understand how this transition happens. However, it is crucial to define the most suitable type of galaxies to improve our understanding of the galaxy evolution scenario. Based on colormagnitude diagrams (hereafter CMD), for example U-V versus M V (Bell et al. 2004) , galaxies can be separated into two different categories. Late-type galaxies are known as relatively young low-mass galaxies with active star formation (Brinchmann et al. 2004; Amorín et al. 2017; Lumbreras-Calle et al. 2019) . Their spectral light is dominated by the emission of young stars in the UV. These galaxies form what we call the blue cloud in the CMDs. On the other hand early-type galaxies, which form the red sequence in the CMD, are generally seen as old massive galaxies experiencing very little or no ongoing star formation over the last several gigayear of their life (Lemaux et al. 2012; Estrada-Carpenter et al. 2019 ). Because they are thought to undergo limited star formation activity over a large fraction of their existence, these galaxies are also known as passively evolving galaxies (hereafter PEGS). The light emitted by these galaxies is dominated by the oldest population that radiates the most in the near-infrared (NIR). These galaxies have been used to place constraints on galaxy evolution scenarios and in particular the aforementioned downsizing evolution of galaxies at different redshifts (e.g., Fritz et al. 2014; Siudek et al. 2017) .
These studies rely on the identification and selection of passive galaxies. Several methods have been used to find such galaxies at low and high redshift using photometry or spectroscopy. Based on photometric data, the classical way of selecting passive galaxies makes use of CMD or color-color diagrams in which galaxies with no (or little) ongoing star formation are located in particular regions of these diagrams. Using rest-frame colors, the UVJ diagram (Williams et al. 2009 , Brammer et al. 2011 , Straatman et al. 2014 , Merlin et al. 2018 ) and the NUVrJ diagram (Ilbert et al. 2013 , Davidzon et al. 2017 ) have been widely used in the literature up to z∼2. Using observed frame colors at higher redshift, the BzK diagram has also been proposed to select this type of galaxies (Daddi et al. 2004 , Daddi et al. 2005 , Onodera et al. 2012 . The efficiency of these methods in separating red galaxies from the rest of the population have been studied through a wide range of redshift domains. For the UVJ diagram, the contamination by star forming galaxies is <1% between z=0.5 and z=2.5, while the completeness of the selection is decreasing with redshift from 97% at 0.5<z<1.0 to 81% at 2<z<2.5 (Gu et al. 2018) . For the NUVrJ diagram, Ilbert et al. (2013) estimated that the completeness decreases slightly with redshift ranging from 95% at 0.2<z<0.7 to 87% at 2<z<3. The contamination on the contrary increases with redshift, as 10% of the non-red galaxies enter the selection area at z<0.7 and reach 60% at 2<z<3. Photometric data associated with the widely used spectral energy distribution (SED) fitting technique have also been used in the selection of passive galaxies. From the estimation of the stellar mass and star formation rates (SFR), it is possible to select passive galaxies using the specific star formation rate (hereafter sSFR, defined as the ratio of the SFR to stellar mass). The threshold in sSFR is slightly different from one study to another. In Cassata et al. (2010) , Ilbert et al. (2010) , and Tamburri et al. (2014) , the threshold to select passive galaxies is set at sSFR< 10 −2 Gyr −1 , while in McLure et al. (2013) galaxies are considered passive when sSFR< 10 −1 Gyr −1 . Ilbert et al. (2013) found that this selection based on the sSFR is equivalent to that based on the NUVrJ diagram but the classification from the sSFR is more conservative at high redshift.
From a spectroscopic point of view the absence of ongoing star formation can be characterized using emission lines such as [OII] and Hα, although their presence does not necessarily indicate ongoing star formation (e.g., Yan et al. 2006; Lemaux et al. 2010) . The study of such lines, which are tightly connected to star formation, allows for the identification of galaxies with weak ongoing star formation. For instance, Moresco et al. (2012) chose galaxies with EW( [OII] ) and EW(Hα), which are both lower than 5Å, to select PEGS. In addition to emission lines, continuum features are also of great interest to select galaxies with old stellar populations. Two main spectral indicators have been considered. The so-called D 4000 break, defined as the ratio of the mean flux redward to blueward of 4000Å in 100Å wide bandpasses (Balogh et al. 1999 ). This break is commonly used as a sign of an already evolved stellar population and, under some hypotheses of star formation history (SFH) and metallicity, was even used to compute galaxy ages (Moresco et al. 2012 ). This index is the result of the accumulation of metallic absorption lines creating a jump in the spectral continuum. For an observed window between 3500 and 9500Å , the D 4000 break is visible from z = 0 to z ∼ 1.25. At higher redshift, where the D 4000 break is no longer visible in such a wavelength window, another spectral index has been proposed to identify such galaxies: the Mg UV index (Daddi et al. 2005, hereafter D05) . Its presence is the result of the combination of absorption lines such as Mg I, Mg II, and Fe II. Even if it is a fainter index, the Mg UV index is a good alternative to the D 4000 break for passive galaxy selection for two main reasons. For a spectrograph spanning from 3500Å to 9500Å the Mg UV index is available from z∼0.5 to z∼2.25, therefore reaching higher redshift than allowed from the D 4000 index. Moreover, young, dust-reddened galaxies, which often mimic the colors of a passively evolving stellar population, show low values of the Mg UV (Daddi et al. 2005) . For these reasons, this index is preferred for the study of high-redshift galaxy samples for which the fraction of young galaxies can be high.
In this paper we aim at studying high redshift massive and passive galaxies selected using the Mg UV index. The paper is organized as follows. In Section 2 we present the VIMOS Very Large Telescope Deep Survey (VVDS) and the VIMOS UltraDeep Survey (VUDS) spectroscopic surveys on which we base our sample selection and analysis. In Section 3 we select galaxies based on the measurement of the Mg UV index. In section 4.1 and 4.2 we analyze the evolution of this index against key quantities such as stellar mass and galactic ages. In Section 5 we study the evolution of the formation epoch of our selected galaxies with the stellar mass.
Data
In this section we present both the spectroscopic and photometric data we used in this paper. These data come from the publicly available Deep and Ultra-Deep samples of the VVDS (Le Fèvre et al. 2004 , Le Fèvre et al. 2005 and from the VUDS . We give a brief description of the surveys and the available data in this section.
The VVDS is a magnitude selected spectroscopic redshift survey carried out on the VIMOS spectrograph installed at the Nasmyth B focus of the Very Large Telescope, Chile (Le Fèvre et al. 2003) . This survey targeted the CFHTLS-D1 area of the XMM-Large Scale Structure survey (XMM-LSS) field and is composed of three main parts. We used the VVDS Deep, which is composed of ∼11500 galaxies in a region of 0.74 deg 2 and the VVDS Ultra-Deep that contains ∼1000 galaxies down to i AB = 24.5 on an area of 500 arcmin 2 . The deep sample of the VVDS used the low resolution spectrograph LRRED covering the range 5500≤ λ ≤9350 Å. This permits us to observe important spectral features like the [OII]3727Å emission line from z∼0.5 to z∼1.5. For the ultra-deep sample, both blue and red gratings (LRBLUE and LRRED) were used to cover 3650≤ λ ≤9350 Å . The data reduction was carried out using the VIPGI software (Scodeggio et al. 2005) , while the redshift measurements were performed with the EZ software (Garilli et al. 2010) . Each redshift measurement is accompanied by a quality flag indicating the probability of the redshift to be correct. The flag system consists of six different flags. Flags 2, 3, 4, and 9 (for objects with a single emission line) are the most reliable flags with a probability to be correct of 75%, 95%, 100%, and 80%, respectively. A quality flag of 1 indicates a probability of being correct of 50%, while a quality flags of 0 indicates that no redshift could be assigned. The VVDS catalog has been matched to existing multiwavelength photometric catalogs. The catalogs we use in this paper contain the Canada France Hawaii Telescope Survey (CFHTLS; T0005 release) ugriz bands; these data were obtained with the Megacam camera. WIRCAM-JHKs data are also available from the WIRDS survey (WIRDS; Bielby et al. 2012) .
We also used VUDS, a spectroscopic galaxy survey aimed at studying galaxy evolution in the redshift range 2 < z < 6+, that has targeted ∼10000 objects. Galaxies have been selected in three widely observed fields to mitigate cosmic variance: COSMOS, ECDFS, and VVDS-2h fields. For 90% of the survey, the selection was carried out with the photometric redshift method using the LePhare software (Ilbert et al. 2006) . For the remaining 10%, color-color Lyman break selection was used (ugr, gri, and riz diagrams). As for the VVDS, VUDS was carried out with the VIMOS spectrograph at the VLT and each target was observed for ∼14 h in the wavelength range 3500≤ λ ≤9350 Å at low resolution. Data were reduced with the VIPGI software and spectroscopic redshifts measured with the EZ tool. The reliability flag system is equivalent to that described above for the VVDS survey. The ECDFS field contains the U,B,V,R,I,Z,J,H,K bands and IRAC channels from the catalog assembled by Cardamone et al. (2010) in the MUSYC survey. The COSMOS fields come with u* band data from the CFHT, Subaru imaging (B, V, g+, r+, i+, z+) in the optical and Ultra Vista (J, Ks) ,and IRAC (two first channels) for the IR. Finally, for the VVDS-2h field observed in VUDS, we used u, g, r, i, z observations, which are available from the CFHTLS with Megacam down to i AB = 25.44 at 50% completeness using the data release 6 (Cuillandre et al. 2012) . In the NIR domain we used YJHK bands obtained with WIRCAM at CFHT down to Ks AB = 24.8 also at 50% completeness (Bielby et al. 2012) .
Galaxy selection

Spectroscopic corrections
Given its wavelength limits the Mg UV index can be measured in VVDS Deep sample between z∼1.29 and z∼2.25 while it is present in the VVDS Ultra-Deep and VUDS samples between z∼0.5 and z∼2.25. Considering all redshift flags (see discussion in Sect.3.2) we measured Mg UV in 3711 galaxies. The repartition among the different samples is presented in Table 1 . Table 1 . Selection of our sample of UV-selected galaxies. The top part of the table shows the availability of the Mg UV in each galaxy survey and the number of available galaxies. The bottom part presents the selection of the galaxies in the three redshift bins of interest. The value N S /N gives the number of galaxies after the S/N cut and N f inal gives the final number of selected galaxies, with the number in parenthesis giving the number of candidates. As we used spectroscopic data, the galaxy spectra we used must be corrected for any instrumental signature that may affect the measurements. As mentioned in Section 2, spectra have been processed following standard and rigorous methods. Nevertheless, some artifacts and residuals may still be present in the spectra. To tackle this problem we performed a spectral fit of our sample of 3711 galaxies via the new SPARTAN software (Thomas et al, in preparation, see Appendix A for a brief overview). The fit was performed considering a wide parameter space. We used physical conditions when building stellar population models. This parameter space is summarized in Table 2 . We used BC03 models (Bruzual & Charlot 2003 ) with a Chabrier initial mass function (hereafter IMF; Chabrier 2003) . The assumed SFH is a delayed exponential with a timescale parameter, τ, ranging from 0.1 Gyr to 5.0 Gyr. We used the Calzetti's dust extinction prescription (Calzetti et al. 2000) with values from E(B-V) s =0.0 to E(B-V) s =0.6. For galaxies with z > 1.5 we used a free intergalactic medium (IGM) extinction prescription from Thomas et al. (2017a) , while it could be neglected for galaxies at lower redshifts. The stellar-phase metallicity we used (hereafter referred simply as metallicity) ranges from 0.02Z to 2.5Z , where Z is the solar metallicity. Finally, we allowed the ages to vary from 0.05 Gyr to 13.5 Gyr. For a given galaxy at a given redshift, this range of age is not allowed to go over the age of the Universe at the considered redshift. The redshift at which we fit our galaxies is the spectroscopic redshift measured during the data processing of each survey. It is worth noting that since we used all non-zero redshift flags, we could allow for the redshift to vary during the fitting process to account for small possible variations that are difficult to estimate during the redshift measurement, especially in the case of flag=1 redshifts. We chose not to take this into account as the goal of our selection is to identify clear Mg UV signatures rather than building a complete sample.
From each spectral fit we computed the relative spectral residual, R r (λ), with respect to the best fit template. It is given by
where F obs and F temp are the observed flux and the flux from the best fit template. We computed the median residual in three different redshift bins: 0.5 < z < 0.9, 0.9 < z < 1.9, and 1.9 < z < 2.25. These global residuals were computed by taking, at a given wavelength, the median of all the residual at this wavelength. This median residual, which is taken as an indication of possible systematic shifts in the observed fluxes as a function of wavelength, is shown in Fig.1 for the VVDS Ultra-Deep sample and for each redshift bin.
Article number, page 3 of 15 Fig. 1 . Median spectral residual estimated from the fit of our selection of galaxies with SPARTAN in the VVDS Ultra-Deep survey. We show the relative residual in three redshift bins: 0.5<z≤0.9 (yellow line), 0.9<z≤1.9 (purple dashed line), and 1.9<z≤2.25 (black dot-dashed line). We indicate the number of fits used in the estimation of the residual for each redshift bin. We also show the polynomial fit of the average residual before (orange thick line) and after (blue thick line) spectral correction. The fit is performed on the average of all the redshift bins and enters in the correction of the spectroscopy. Fig.1 shows that the residual is on average ∼10%; it is similar for each field. It is particularly interesting to observe that this residual does not evolve with redshift. This is explained by the fact that the observed-frame window corresponds to a different rest-frame window for each galaxy. Therefore, when averaging in a given redshift bin the effect of the individual redshift is washed out. Thus, the behavior of the residual with wavelength that we computed is the result of either instrumental, observational, or reduction effects. The fitting residuals exhibits strong peaks and troughs at λ > 8000Å for galaxies observed at all redshifts. These features indicate large excesses or deficits of flux in the data relative to the expectations from the models. This part of the spectral region, not coincidentally, is where the density of airglow lines is the highest and also where fringing for VIMOS is at its worst. Consequently, it is likely that these features come from issues related to over-or under-subtraction of the airglow lines during the reduction process. At the other edge of the wavelength window, we see that the residual significantly decreases below 4100Å. This implies that a significant amount of flux is missing in the bluer part of the spectra. This effect could be due to the atmospheric refraction that spreads the light before entering the telescope and which is maximal in the blue or from poor response correction. Since the residuals are equivalent in each redshift bin, we average them and fit a polynomial function (with a degree 12). This fit is shown in Fig.1 as well. This fit is used to correct the science spectra to correct for instrumental, observational, and reduction effects. It is worth mentioning that to conserve the S/N we also applied the same corrections to the error spectra. We applied this method for all the data presented in the previous section. After these corrections the averaged relative residual goes down to below 3.5% (see Fig.1 ).
Signal to noise and redshift flags
The measurement of spectral indexes is strongly affected by the signal-to-noise ratio (hereafter S/N) of the spectra. Therefore, we compute the S/N of our 3711 galaxies using the prescription of Stoehr et al. (2008) , which assumes that the flux in two resolution elements apart is not correlated and that the noise is normally distributed. To compute the S/NR, we chose featurefree spectral regions. For galaxies at 0.5<z<0.9, 0.9<z<1.9, and 1.9<z<2.25 we computed the S/N in the following rest-frame regions: 4360<λ<4560, 2950<λ<3150, and 2000<λ<2220, respectively. In the spirit of keeping as many galaxies as possible in our sample we keep galaxies with a S/N per resolution element higher than 2. This leads to a S/N-selected sample of 2659 galaxies. As presented in section 2, the surveys we used come with a redshift flag system that assesses the reliability of the redshift measurement, which is not directly related to the data quality or the S/N. As we considered galaxies in a redshift range where the lack of strong spectral indices makes the redshift measurement particularly difficult (especially between z∼1.5 and z∼2.0), we do not include a criterion based on the redshift flag in our selection. We discuss this aspect of our approach in the next subsection.
Measurements of Mg UV
As shown by Daddi et al. (2005) , the Mg UV index is an agesensitive index that already appears in evolved galaxies. This index is defined as the combination of three 100Å wide bandpasses in the UV domain of the rest-frame spectrum written as strength of this index rises rapidly for galaxies between 0.5 Gyr and 2 Gyr for every metallicity. We note that a faster rise occurs for galaxies at higher metallicities. For galaxies with older ages, the evolution of the index is strongly dependent on the metallicity. For subsolar metallicities the strength of the index continues to rise up to old ages. For solar and super-solar metallicities, the evolution of Mg UV reaches a maximum and then decreases toward old ages. For solar metallicity the peak is at ∼6.5 Gyr while for super-solar metallicity this peak happens earlier in the evolution at ∼2 Gyr. To create our final sample we computed the Mg UV index for the spectra and the best fit template. In order to keep as many galaxies as possible, we kept in our sample all the galaxies with a Mg UV index of at least 1.1 in at least one of the two measurements. Based on the evolution given in Fig.2 , this ensures to select galaxies with an age of at least ∼0.5 Gyr.
We then inspected all the candidates by eye and generate two subsamples.
The first subsample is a secure catalog of galaxies with clear Mg UV index. This sample contains 75 galaxies. The mean redshift is 1.22 with a dispersion of 0.36. The mean Mg UV based on the measurement on data is 1.46±0.33, while taking the measurement from the best fit templates gives a mean Mg UV of 1.41 with a dispersion of 0.24. Examples of galaxies in the selected sample with their associated best fit from SPARTAN are presented in Fig.3 and show that SPARTAN is able to reproduce very well the spectra of our objects. The redshift distribution of this most reliable sample is shown in Fig.4 (black histogram). This distribution shows that we were able to select galaxies in this sample from z∼0.5 to z∼2.1. The distribution shows a peak z ∼1.2-1.4. This peaks corresponds to a Mg UV between ∼5500Å and∼6225Å in the middle of the VIMOS wavelength window. As shown in the previous section, this spectral region is that for which the flux calibration is the most precise, which makes it easier to compute spectral quantities. We observe that the high-redshift end is less populated than the lowredshift end. In this redshift regime the Mg UV index moves toward redder wavelengths where the sky features are the most prominent. Even if the sky residuals are corrected on average for these strong skylines (see above), uncertainties in the correction may remain large at λ > 8000Å for individual objects.
The second sample that we generate during our selection is a "candidate" sample. The noise on the data for this sample does not allow us to detect the presence of the Mg UV index firmly, but the fit of the spectra indicates its presence. This candidate sample is populated by 28 galaxies. The mean redshift is 1.33 with a higher dispersion with σ = 0.63. Also, the redshift distribution of this sample is shown in Fig.4 (purple dashed histogram) . This figure shows that this sample is mainly composed of galaxies at the edges of the redshift range, which explains why they are not entering the secure sample. In terms of Mg UV , the measurements from the data give 1.39 with a dispersion of 0.37, while the estimation from the spectral fit gives Mg UV =1.16 with a dispersion of 0.13. In the next section we use both samples together and separately to verify whether the candidate sample is consistent with the main sample.
Joining the two samples together leads to a sample composed of 27 galaxies from the VVDS Deep survey (24 secure and 3 candidates), 37 galaxies from the VVDS Ultra-Deep sample (29 plus 8), and 39 objects from VUDS (22 plus 17). We compare the estimation of the Mg UV strength computed directly from the data and from the best spectral fit template. When computing the Mg UV on the data we estimate the error on the Mg UV index using the error propagation method. The results are presented in figure 5 . In the secure sample, the median difference between the measurement in the best fit template and the data is 0.05 while in the candidate sample the difference reaches 0.22. This larger difference can be explained by the higher noise in the edge of the spectra. As noise can lead to large variation in the measurement Best SPARTAN fit Fig. 3 . Example of selected Mg UV -selected galaxies at three different redshifts. For each galaxy the black line shows the observed spectrum, the red line the best fit from SPARTAN. We show with a light yellow strip the location of the Mg UV index. When available, we also indicate the position of the D 4000 break with a blue vertical strip. The two bottom plots contain galaxies with an assigned redshift quality flag of 1 and would have therefore been missed if low-redshift flag galaxies had been taken out of the selection from the beginning.
of Mg UV , in the rest of the paper we use the Mg UV measurement from the spectral fit models.
As stated in the previous section, the redshift flag was not incorporated in our selection. Post-factum we verified the redshift flag distribution of our selected galaxies. Among our galaxies, 53 have a redshift flag of 3 or 4 (the best possible flags, with a redshift probability to be correct >95%). Among these galaxies 36 are from the secure sample. At a lower redshift flag of 2 and 9 (probability to be correct of at least 75%) we have 30 galaxies (26 in the secure sample). Finally, 20 galaxies have been assigned a redshift flag of 1 (probability to be correct higher than 50%) and 13 of these are in the secure sample. These latter galaxies would have been missed if we had based our selection on galaxies with the best redshift flag (i.e., flag≥2). We checked the reduced χ see any noticeable difference. The redshift flag estimates are assigned by eye, and it is hard to recognize rare objects with spectral properties at variance with the average population of a survey. Future surveys will benefit from machine-based automated classification (Jamal et al. 2018 ).
Physical properties of our Mg UV -selected galaxy sample
4.1. Stellar mass, star rormation rate, and dust extinction
In this section we study the properties of our selected galaxy sample as function of the strength of the Mg UV index. As the spectra cover a limited rest-frame spectral window, we used the photometric data alone to perform this analysis. The physical parameters were then computed using SPARTAN capabilities of fitting photometric datasets. We used the photometric bands described in Sect.2 to perform a SED-fitting analysis of our galaxies. The library of templates used for this purpose is built making use of low resolution BC03 simple stellar population models with a Chabrier (2003) IMF. The complete parameter space we used in this fitting is described in Table 3 . From this fitting run we can look at the evolution of key quantities as a function of the Mg UV strength and we present these in Fig. 6 . We stress that the evolution of these quantities is extracted from an independent analysis of photometric (for the physical parameters) and spectroscopic data (for the Mg UV index strength). It is also important to note that the binning is done on the physical parameters rather than on the Mg UV index itself, which explains why the absolute values of the index can differ from one plot to another. -Stellar mass and SFR: The relationship between the stellar mass with the Mg UV index strength indicates that the more massive the galaxies, the stronger the Mg UV index. This evolution goes from Mg UV ∼1.2 for low-mass galaxies (M /M ∼9.0) to Mg UV ∼1.55 for high-mass galaxies (M /M ∼11). This confirms that galaxies exhibiting strong Mg UV index are in an already advanced stage of evolution with a large stellar mass. The analysis of the evolution of the SFR indicates that this index is also particularly strong in less active galaxies. This index goes from Mg UV ∼1.6 for the less active galaxies with SFR∼0.001M /yr to Mg UV ∼1.17 for the most active galaxies of our sample with SFR∼80M /yr. This behavior means that galaxies exhibiting strong Mg UV are not only already massive but also have a very weak star formation activity. -Dust extinction: The relation of the magnesium index with the dust extinction is also very clear. Galaxies with strong dust extinction E(B-V) s =0.4 (i.e., the dustier galaxies) are also those with the weakest Mg UV index, at Mg UV = 1.15. Vice versa, the less dusty galaxies with E(B-V) s ≤0.05 present a strong magnesium break with Mg UV =1.5. This tells us that galaxies with a strong magnesium index are the less active, most massive, and less dusty galaxies.
We also point out that the least difference in the evolution of the Mg UV index is minimal when considering all the selected galaxies and only the secure sample, and the same conclusions can be drawn with the inclusion of the candidate sample or without it. The only difference happens in the absolute value of the Mg UV in individual bins, which is always higher when removing the candidate sample.
Galaxy ages
Galaxy age is one of the most important galaxy physical parameters and gives access to key information about galaxy evolution, such as the epoch of formation of galaxies (Thomas et al. 2017b) . It is also one of the more complicated parameters to estimate correctly. This is because of the numerous degeneracies that affect its estimate. The most famous are the age/metallicity (Worthey 1999 ) and age-dust degeneracies (Gordon et al. 1997 ). Galactic Mg UV strength Secure Sample All selected galaxies Fig. 6 . Relationship between physical parameters computed from the SED-fitting based on photometric data only and the strength of Mg UV computed from the SED-fitting of the spectroscopic data only. From left to right: Stellar mass, SFR, and dust extinction. The errors shown on each plot represent the errors on the mean. In each panel we give the evolution for the full sample of 103 galaxies (blue) and also the evolution for the secure sample only (75 galaxies, in red).
age definitions and estimation methods are numerous in the literature. In 2005, D05 estimated the galactic passive age (hereafter Age passive ) of seven identified PEGS in the Hubble Ultra-Deep Field. This age was defined as the time since the onset of passive evolution, i.e., when the galaxy ended its star formation period. It was estimated using the template fitting method, in which the SFH of the modeled galaxies was either exponentially declining τ-models or a step-wise profile. The latter is defined as a constant SFR for a given period (a timescale τ given in gigayear) followed by a passive evolution. In each case, Age passive is defined as the difference between the age of the model coming from the fit and the timescale parameter τ. It is equivalent to removing the star formation epoch in the measurement of the galaxy age. Another definition of the galactic age is the time elapsed since the onset of star formation, and then of the first stars of the galaxy (hereafter Age onset ). This parameter has been widely used when estimating the age from spectral indices such as D 4000 and Hδ A (e.g., Siudek et al. 2017) and it is the age given directly by the template fitting method. We could argue that the time of formation of the first stars of the galaxy is hard to estimate since a single star does not define strictly the birth of a more complete and complex system that is a galaxy. For that reason, other age definitions have been used in the literature using the stellar mass estimation: the halfmass age and mass-weighted age (Thomas et al. 2017b ). The latter weights the age of each population of stars created in the galaxy by their own stellar mass. This ensures that more weight is given to the most important populations of stars in the galaxy. The half-mass age assumes that a system can be considered as a galaxy when half of its present stellar mass has been built up; variations of this definition can also be used, such as the quartermass-age.
For the purpose of this paper we computed from the SED fitting both Age onset and Age passive . When using the purely declining SFH, D05 used following definition:
where Age is defined as the time since the onset of star formation and τ the SFH timescale of the declining SFH since this SFH peaks at t = 0 Gyr. When using a different SFH, for example, the exponentially delayed SFH as in our study, this definition should be adjusted. In this prescription, the SFH peaks for t = τ. Using the same definition would remove only half of the peak. Using 2 × τ would allow us to remove the peak but a relatively high amount of star formation would still remain. We defined the Age passive as
This definition seems to be a good trade-off between being too conservative (e.g., with 4×τ) and not removing the star formation
Article number, page 7 of 15 A&A proofs: manuscript no. final_arxiv epoch enough (e.g., with 2×τ). It is also worth noting that using a more conservative definition (with 4 × τ) would not significantly change the results as the timescale parameter is on the order of 0.1 Gyr (see below). The passive galaxies would still be considered as passive galaxies even with this definition. With this approach we allow, by construction, Age passive to be negative. The results are presented in Fig. 8 than Age onset by definition. The joint analysis of the different ages estimates and the SFH timescale shows that galaxies with the strongest Mg UV are the oldest galaxies in our sample (for both age definitions). This is consistent with the fact that they are also the most massive, less active, and less dusty galaxies, as shown in Sect.4.1. For these objects, the mean Mg UV is ∼1.75. These galaxies are also those with a very low SFH timescale with < τ >∼ 0.16 Gyr. This is consistent with previous studies (e.g., Daddi et al, 2004 and Thomas et al 2005) suggesting that passive galaxies have short formation timescale. It is worth mentioning that we find the timescale to be almost constant when going toward high Mg UV values, even though it should still decrease. This is because of the chosen binning of the value 0.1 Gyr. Therefore, any evolution smaller than this value is not visible. When the Mg UV weakens, the age of our galaxies decreases as well to reach a low value of Mg UV ∼1.15. At this level, the SFH timescale reaches < τ >∼ 0.35 Gyr (0.40 Gyr when considering the secure sample only), while the Age onset decreases to ∼0.65 Gyr. Considering the secure sample only, it is interesting to see that Age passive is negative, Age passive ∼ −0.66 Gyr, which is in agreement with the definition of Age passive . This implies that these galaxies are in the active part of the SFH. When looking also at the candidate sample this measurement is positive but at very low value with 0.05 Gyr. The fact that Age onset > τ means that these galaxies have passed a peak of star formation at a very recent epoch (∼250 Myr ago). The measurement of the SFR performed in the previous section confirms this analysis, where the SFR is ∼80 M /yr for the galaxies with the weakest Mg UV index. This study of the physical parameters of our galaxies allows us to state that the selection of galaxies based on the Mg UV index allows us to select passive, massive, and old galaxies. However we point out that a weak Mg UV spectral signature can be present in active galaxies as well. Based on Fig.8 a threshold at Mg UV >1.20 selects galaxies with a positive Age passive parameter. We apply this threshold in the rest of the paper, resulting in a sample of 66 galaxies. Out of these galaxies, nine are from the candidate sample.
Mg UV galaxies in the NUVrJ and M-SFR diagrams
As discussed in the introduction, passive galaxies can be selected by means of different methods: for example, color-color diagrams are widely used to extract passive galaxies from the global population. The rest-frame NUV-r-J diagram has been widely used to discriminate between active and passive galaxies (Ilbert et al. 2013; Davidzon et al. 2017) . We computed the absolute magnitude of the selected galaxies in our sample to see how our galaxies behave in such a color-color selection. Our NUVrJ diagram is presented in the left plot of Fig.9 . This diagram shows that two populations are clearly separated: one that clearly falls in the passive locus that is defined as (Davidzon et al. 2017) (NUV − r) > 3(r − J) + 1 and (NUV − r) > 3.1,
and one that falls outside of this selection box. Among our sample, 60% of the galaxies fall into that region. The rest of our galaxies is outside of this region in the active locus. This diagram also allows us to compare our selection of passive galaxies based on the Mg UV only. It shows that most of the nonselected objects (active galaxies) are outside of the passive locus. We see only two galaxies in the passive locus that are not selected based on the Mg UV index (5 if we take the most outer region defined by the bottom dashed line in Fig. 9 ). This seems to suggest that the Mg UV threshold we chose for the passive is well suited to select passive galaxies and reduces the contamination by other galaxy types. The sSFR of these galaxies is on average <log(sSFR)>-12.4 (∼3e-4 Gyr −1 ) confirming their passive nature with the sSFR criterion as well. It also shows that some of our passive objects fall into the active region of the diagram, representing 20% of these objects. The sSFR of this galaxies is on average above -9 and therefore they would not have been selected as passive using this criterion either. Nevertheless, we checked the Age passive parameter defined in Sect.4.2 we found that it is on average 0.63 Gyr, confirming their passive nature.
It is also interesting to look at the position of our galaxies relative to average relations between SFR and M * for star forming galaxies in the literature (i.e., star forming main sequence; Elbaz et al. 2007; Tasca et al. 2015) . The right plot of Fig.9 shows the position of our galaxies with respect to all the galaxies from the VVDS Deep and Ultra-Deep surveys (at all redshift) and with respect to the fit of the main sequence at z∼1 and z∼2. This plot shows that most of our selected passive galaxies are much below the main sequence evolution. We note that passive galaxies selected by the strength of their Mg UV index and that do not enter in the NUVrJ passive locus are the closest to the main sequence. This might indicate that these galaxies did not entirely terminate their evolution to a fully quiescent mode, even if they can be considered as passive from our age definition (Relation 4).
Formation epoch and downsizing
From the ages measured in the previous section we computed the formation epoch of our galaxies, t f (computed as the time elapsed between the Big Bang and the birth of our galaxies). Fig. 9 . Left:NUVrJ color-color diagram for all our selected galaxies. The value of Mg UV galaxies in our sample is color-coded. We identify the galaxies selected as passive using the Mg UV index only by empty black squares. The passive region (black solid and dashed line) is taken from Davidzon et al. (2017) . Right: Position of our galaxies in the M-SFR diagram. We show in gray all the galaxies from VVDS deep and ultra deep sample (at all redshift) for comparison. We also show the main sequence fit at z∼1 and 2 from Elbaz et al. (2007) and Daddi et al. (2007) , respectively. Our selected galaxies are shown in color representing the Mg UV strength. Fig. 10 . Top:Formation epoch (as time since the Big Bang) as a function of the stellar mass in our selected sample of magnesium galaxies (in red). We also indicate measurements from other studies in the literature with the point from Onodera et al. 2015 at < z obs >∼ 1.6 (pink), measurements from Siudek et al. 2017 at < z obs >∼ 0.75 (green), points at lower redshift from Choi et al. 2014 at < z obs >∼ 0.4 (black), and from Thomas et al. (2010) at < z obs >∼ 0.05 (blue). Bottom: Formation timescale defined as δt = t obs − t f for galaxy of M ∼ 10 11 . The color coding is the same as for the top plot.
We computed this quantity using the Age onset definition. This definition gives access to the time of inception of the last burst of star formation that the galaxy experienced. In other words, this estimation is a lower limit on the formation epoch of the galaxy as the SFH we used contains a single burst. If other bursts took place in the evolution of the galaxies before the burst we are measuring, the age of the galaxy would be higher, and hence the formation epoch further in the past. We computed the formation time for all the galaxies in our selected sample.
We find that the median formation epoch is at a redshift of 1.9, ∼3.6 Gyr after the Big Bang (∼ 10 Gyr ago). As our selected sample spans a wide range of redshift, we split it into two subsamples, at z obs < 1.3 and z obs > 1.3. The low-redshift sample, with a median observed redshift of z obs ∼ 0.9, has a median formation epoch of z f ∼ 1.8. This is consistent with the formation redshift computed by Siudek et al. (2017) . These authors used approximately 4000 massive and passive galaxies in the VIPERS sample and found a formation redshift of ∼1.7 for galaxies at z obs ∼ 0.9. Our highest redshift sample, which has a median observed redshift of z obs ∼ 1.5, was formed at a median epoch of z f ∼ 2.0. This is in agreement with the estimation of the formation epoch of passive galaxies made by Onodera et al. (2015) at slightly higher redshift. In this paper the authors studied 24 early-type galaxies at z obs ∼ 1.6 (less than 0.5 Gyr earlier than our galaxies in terms of cosmic time) and estimated their formation epoch at z f ∼ 2.0 − 2.5. Our formation redshift estimates are therefore consistent with those of comparable galaxy samples in the literature.
As presented in the Introduction, numerous studies have reported a downsizing scenario of galaxy evolution. The term downsizing has been used to describe different physical processes involving different physical quantities and Fontanot et al. (2009) provides an overview of the different downsizing phenomena. In this work we are interested in archeological mass downsizing. This term refers to different quantities and processes such as the fact that the duration of the star formation event, the burst would be shorter for these most massive galaxies (Thomas et al. 2005) . The downsizing also refers to the fact that the most massive galaxies were formed at an earlier time (Cowie et al. 1996; Cimatti et al. 2006) . In order to study this downsizing phenomenon, we show in Fig.10 the dependence of the formation epoch of our galaxies as a function of the stellar mass computed in Sect.4.1 for our full sample of selected galaxies at z obs ∼ 1.20.
This figure clearly shows that galaxies at high mass seems to have formed at an earlier cosmic epoch than lower mass galaxies. In the lowest observed redshift bin, galaxies with average M = 10 9.91 M are formed ∼4.7 Gyr after the Big Bang while galaxies with average M = 10 11.06 M are formed ∼3.2 Gyr after the Big Bang. Therefore, the sample of galaxies we selected supports the downsizing phenomenon already reported in the literature. As we have explored the same mass range for all the samples (except the point from Onodera et al. 2015) we computed the average difference between the observation time and the formation time (δt = t obs − t f ) for all the points presented in the top panel of Fig.10 and report the measurements in the bottom panel of Fig.10 . This quantity, which we call the formation timescale, tells us how long it takes to form these galaxies. For the lowest redshift sample, Thomas et al. (2010) found δt ∼ 6.70 Gyr. This value decreases with increasing redshift where the value is δt ∼3.87 Gyr for Choi et al. (2014) , δt ∼1.52 Gyr for Siudek et al. (2017) , δt ∼1.26 Gyr for our own sample, and δt ∼1.06 Gyr for Onodera et al. (2015) ; the latter is at a higher stellar mass. This means that, at similar mass, galaxies observed at higher redshift took much less time to form than the galaxies at lower redshift.
To study this result with respect to our selection we also performed the same computation for different Mg UV thresholds. We find that increasing the threshold on the Mg UV index, the points at M = 10 10.75 M and M = 10 11.06 M stay nearly at the same place, while the first point, at M = 10 9.91 M , moves toward higher mass. Applying a threshold at Mg UV >1.4, the difference reaches 0.15 in log 10 M and 0.13 Gyr in formation time. Nevertheless, this does not change the trend we are seeing because when the threshold increases the first points goes down and accentuate the trend.
Finally, we observe that the t f -M relation seems to flatten when the observed redshift is increasing. This is because the formation redshift increases with increasing observed redshift when we take the data at similar stellar masses. This is particularly visible at the low-mass end. Galaxies at M ∼ 10 10 seem to have formed at t f ∼ 8 Gyr when observed at z obs ∼ 0.05, while they seem to have formed at t f ∼ 4.6 Gyr when observed at z obs ∼ 1.2. At the high-mass end we also see the same effect but at a smaller level, which results in a flattening of the slope between the formation redshift and the stellar mass. The main question is whether this effect is real. It might be affected by the so-called progenitor bias (Franx & van Dokkum 1996; van Dokkum & Franx 2001 ). This bias indicates that young earlytype galaxies are included in the low-z sample but disappear in the high-z sample, creating a high-z sample biased toward highmass galaxies. On the other hand, if this flattening of the t f -M relation is not due to this bias we might be witnessing the evolution of the downsizing phenomenon that is very strong at low redshift and starts to become weaker as we observe galaxies that were formed at higher redshift. Similar studies at higher redshift are needed to test this hypothesis.
Conclusions
In this paper we studied a spectroscopic sample of galaxies selected via the strength of the Mg UV index. The galaxies come from three different surveys: VVDS-Deep, VVDS Ultra-Deep, and VUDS.
-We measure the Mg UV index on 3711 galaxies in these spectroscopic surveys both from the data and from the best spectral fit and select 103 galaxies with Mg UV ≥ 1.1. -We study the evolution of several galaxy physical parameters computed from an independent photometric fitting with respect to the strength of the magnesium index Mg UV : stellar mass, SFR, dust extinction, and age. We find a very strong correlation between each of these parameters and the specral index. We find that when its strength increases, the stellar mass of galaxies increases, their SFR decreases, the amount of dust decreases, and the galaxies becomes older. We also find that the most massive galaxies have the shortest active epoch with a SFH timescale of τ ∼ 0.1 Gyr. This is in agreement with previous studies studying the SFHs of elliptical galaxies. We therefore conclude that the Mg UV index is a suitable index to identify the most quiescent (or passive) galaxies at intermediate-to-high redshift. -We compute the formation redshift of our galaxies with the strongest Mg UV index. We find that galaxies at < z obs >∼ 0.9 were formed at an earlier epoch of z f ∼ 1.8 (∼ 3.6 Gyr after the Big Bang) while galaxies at an higher observed redshift of < z obs >∼ 1.5 were formed at z f ∼ 2 (∼3.3 Gyr after the Big Bang). These measurements are in very good agreement with previous studies carried out for passive galaxies. Moreover we compute the dependence of the formation epoch with the stellar mass (M -t f relation) and we find that the highest mass galaxies were formed at an earlier cosmic time than low-mass galaxies, supporting the downsizing scenario already reported in the literature. -Finally, the M -t f relation seems to be flattening as the observed redshift of the sample increases. Then the observed redshift increases the formation time of the low-mass PEGS decreases much faster than the high-mass PEGS. This effect could be partly due to the progenitor bias already introduced in the literature. However, if this flattening is real we might be witnessing the onset of the downsizing pattern in galaxy evolution.
SPARTAN (SPectroscopy And photometRy fiTting tool for Astronomical aNalysis) is a SED-fitting software that is able fit both photometry and spectroscopic data. All the fits of this paper were performed using this tool and we used the capability of SPARTAN to fit a single type of data: photometry or spectroscopy. This single component fitting follows the same recipe as other codes used in the literature (e.g., GOSSIP, Thomas et al. 2017b) . For a given galaxy and a given template the χ 2 and its associated probability are computed with
where N, F obs,i , F syn,i , σ i ,A i , and χ 2 min stand for the number of observed data points, the data point itself (either a photometric band or a spectral point), the synthetic template value at the same wavelength, the observed error associated with F obs,i , normalization factor applied to the template, and the minimum χ 2 of the library of template, respectively. The latter is used to set the maximum of the probability distribution function (PDF) to unity and does not change the values of the estimation of the parameters nor their errors. The set of χ 2 values are then used to create the PDF. We create from the PDF the cumulative distribution function (CDF), where the measured value of the parameter is taken where CDF(X)=0.5 and the errors on this measurement correspond to the value of the parameter for which the CDF=0.05 and 0.95. The photometric fitting process is performed as follows. The set of synthetic templates is redshifted to the redshift of the fitted galaxies and then normalized in one predefined band. For each of the survey we studied in this paper this normalization was done in the i band. Once this normalization is done, SPARTAN convolves the normalized templates with all the photometric band passes available for the observed galaxy. Finally, the previous relations are applied to estimate the physical parameters of the observed galaxy and their associated errors.
When fitting spectroscopy the principle is the same except for the normalization that can be done via a different method.
After redshifting the template library, SPARTAN must normalize it to the observed spectrum; SPARTAN can do this in two different ways. The first method is the same as for the photometry, i.e., it considers a photometric band pass (e.g., the i-band) and computes the magnitude from the spectrum itself. This band is then used to normalize all the templates. Nevertheless for each galaxy this band corresponds to a different rest-frame region and therefore does not treat all the galaxy in a similar manner. The second method, which we chose in this paper, is redshiftdependent and used a region of the spectrum free of emission lines. At 0.5<z<0.9, a region free of emission lines is the spectral region between 4360 and 4560Å. When fitting a spectrum at z=0.6, the region becomes 4796-5016Å in the observed frame. The SPARTAN tool computes a photometric point in this region directly in the template using a box filter. This box-magnitude is used to normalize the template to the observed spectrum. At z=0.7, this region is at a redder wavelength and again a different observed region in wavelength is used to normalize the templates. This method has the advantage of being consistent from one galaxy to another. Moreover, as it is used in an emission line free region, it relies less on the emission line physics of the templates. Using the first method, the normalization is always done in a given photometric band (e.g., the i band). For this paper we used the rest-frame regions presented in Tab.A.1. 2000-2220 this problem in this work. In this spirit, we list all of the datarelated and technique-related aspects of our work in Table B .1 and detail each point in the next paragraph. 
-As presented in Sec. 2, the VUDS sample is composed of three fields. The first data release presented in Tasca et al. 2017 is composed of all the ECDFS field and a subsample of the the COSMOS field. As such, 22 out of 27 of our VUDS objects are still private to the VUDS consortium but will be publicly released in a forthcoming paper, (Le Fevre et al, in prep) . Nevertheless, we give in Appendix C, the coordinates for each of these objects. We point out that 75% of the data we used in this paper are public and freely accessible 1,2 . -The SPARTAN tool is available on GITHUB 3 and comes with all the inputs needed to make the code run. The version released at this moment allows for a separate fit on the photometry and spectroscopy, as used in this paper. The final version will be presented in a paper in preparation (Thomas et al, in prep) . We do not provide the full fit of the 3600 galaxies mainly for reasons of disk space, but the public version of SPARTAN comes with all the input to reproduce the results.
-The IGM models used for this paper are publicly available in Zenodo ). -All the measurements and results are available in Tab. C.1, C.2 , and C.3 of the Appendix Sect.C. -In addition, the main python packages used during this work are public: catalog query module catscii (v1.2, Thomas 2019b), catalog matching algorithm catmatch (v1.3 Thomas 2019a), our fits display library dfitspy (v19.3.4, Thomas 2019), and our plotting tool, Photon (v0.3.2, Thomas 2019) . These packages are all available in the main python package index repository (pypi). 
